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[2207/5820] 

SYSTEM AND METHOD FOR 
STORING IMMEDIATE DATA 

Held 

The present invention is directed to improvements in instructions to be processed in a 
processor. 

Backg round Information 

Program instructions control the operation of modern microprocessors. Typically, each 
program instruction includes a specification of the operation to be performed, the type of 
operands to be manipulated, and the location of these operands. A typical instruction 
comprises one to several programming elements. The arrangement of these programming 
elements is referred to as an instruction format. There are various instruction formats to 
implement different functionalities for any number of different microprocessors and within a 
single microprocessor there may be various instruction formats based on the number and type 
of programming elements used to comprise each instruction. 

One example microprocessor, the Intel Pentium® Pro microprocessor, recognizes various 
programming elements including, for example, opcodes, immediate operands, register 
specifiers, memory operands, scale/index/base (SIB) registers, prefixes, displacement and 
addressing-mode specifiers. These programming elements, either alone or in combination 
with other programming elements, perform a specified function when included in an 
instruction. For example, a register specifier specifies either a source register operand and/or 
a destination register operand. An example instruction comprised of (MOV A, B) is used to 
move a value from a source register operand (B) to a destination register operand (A). 

In the above example, the programming element specifying the move function (MOV), is the 
opcode. The opcode specifies the operation performed by the instruction. An opcode is 
typically contained in each instruction, although it is not a requirement. Opcodes can specify 
numerous operations including, for example, moving, adding, subtracting, multiplying, 
dividing and storing. Some operations may have several different opcodes, each specifying a 
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different variant of the operation, for example, an exclusive or (XOR) and a logical or (OR). 
Thus, by combining an opcode and one or more of the other programming elements, a 
complete instruction can be formed. 

The processor does not understand symbolic instructions such as the example above, MOV A, 
B, but rather understands only bits or a series of bits. An assembler or compiler converts the 
symbolic instructions, usually generated using a higher level language such as the C 
programming language, into a long series of bits, termed binary code or machine language. In 
certain microprocessors, for example complex instruction set computer (CISC) processors, 
the instruction is further converted to a more basic unit termed a micro-op in order to be 
executed. 

One Of the programming elements listed above is an immediate operand. The immediate 
operand is a value included at the time of programming and is part of the program code. 
Unlike the example above, where the source register is the address of the value to be moved, 
an immediate operand is the actual value on which the operation specified by the opcode is to 
be performed. For example, a symbolic instruction of (MOV A, 512) is used to move the 
value 5 1 2 to a destination register operand (A). 

A typical instruction or micro-op includes a fixed number of bits, regardless of the 
information to be stored in each instruction. Figure 1 shows the format of an example 
instruction 100 in a conventional instruction format. The instruction includes an opcode field 
101 and an immediate operand field 102. In this particular instruction format the opcode field 
101 has a bit length of X and the immediate operand field 102 has a bit length of Y. The 
fixed number of bits allocated to each instruction may be determined by the maximum 
number of bits exployed for each of the above listed programming elements. For example, 
the maximum number of bits for the opcode is known because the number of operations 
specified by the opcode is fixed. For example, if 6 bits are designated for the opcode field 
101, there can be a maximum of 2 6 or 64 operations specified by the opcode, and each of 
these operations will be represented by a unique combination of the 6 bits. The fixed length 
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of the bits (Y) allocated to the immediate operand field 102 is normally equal to the size of 
the maximum immediate operand that will occur in any instruction. For example, if the 
maximum immediate operand is 32 bits in length, each instruction will have a fixed length of 
32 bits assigned for the immediate operand, regardless of whether 32 bits are employed for 
5 that particular instruction. Thus, each and every instruction formatted in the above described 
instruction format will have 6 bits allocated to the opcode field 101 and 32 bits allocated to 
the immediate operand field 102, regardless of whether these bits are employed to express the 
function to be performed by the instruction. 

1 0 The above described instruction or micro-op that includes an opcode and an immediate 

operand works reasonably well and is an efficient use of allocated bits when the immediate 
operand is its maximum size. However, in the case of the average instruction, there will be 
no immediate operand or the immediate operand will employ less bits than the number of 
allocated bits. In this average case, the bits assigned to the immediate operand are wasted 

1 5 because the remainder of the allocated bits are unused. This was not a problem in previous 
implementations because the processor was only holding a few instructions or micro-ops at 
any given time, however modern processors can hold thousands of instructions or micro-ops 
causing the space employed by these instructions to become substantial. 

20 Summary 

An article comprising an instruction stored on a storage medium. The instruction includes 
opcode field storing an opcode signal and an operand field storing an operand signal. The 
operand is compressed prior to being stored in the operand field. 

25 Brief Descrip tion Of The Drawings 

Fig. 1 shows an example instruction including an opcode field and an immediate operand 

field. 

Fig. 2 shows an example instruction according to the present invention, including an opcode 
30 field, a control field and an immediate operand field. 
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Fig. 3 shows an example table of immediate operand compression schemes according to the 
present invention. 

Fig. 4a shows an example instruction in the instruction format of Fig. 1 . 

Fig. 4b shows the example instruction of Fig. 4a compressed into the instruction format of 
Fig. 2 using an example of sign extension compression according to the present invention. 

Fig. 5a shows two example instructions in the instruction format of Fig. 1 . 

Fig. 5b shows the example instructions of Fig. 5a compressed into the instruction format of 
Fig. 2 using an example of back scavenging compression according to the present invention. 

Fig. 6a shows two example instructions in the instruction format of Fig. 1 . 

Fig. 6b shows the example instructions of Fig. 6a compressed into the instruction format of 
Fig. 2 using an example of forward scavenging compression according to the present 
invention. 

Fig. 7a shows two example instructions in the instruction format of Fig. 1. 

Fig. 7b shows the example instructions of Fig. 7a compressed into the instruction format of 
Fig. 2 using an example of sharing compression according to the present invention. 

Fig. 8a shows two example instructions in the instruction format of Fig. 1. 

Fig. 8b shows the first stage of immediate operand compression of the example instructions 
of Fig. 8a using an example of sign extension/back scavenging compression according to the 
present invention. 
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Fig. 8c shows the complete immediate operand compression of the example instructions of 
Fig. 8a using sign extension/back scavenging compression according to the present invention. 

Fig. 9 shows a flow chart of an example process for compressing operands according to the 
present invention. 

Fig. 10 shows an example compression of a program using the compression schemes of the 
present invention. 

Detailed De scription 

Embodiments of the present invention can be applied to any level of the program instruction, 
e.g., opcode, binary code, etc., thus, when using the term instruction throughout this 
specification it should be understood that it is not limited to any particular type of instruction. 
Likewise, throughout this specification the term immediate operand is used to describe an 
example type of instruction data that can be implemented using the present invention. Again, 
it should be understood that this is only an example, and any type of instruction operand can 
be used with the present invention. 

Figure 2 shows an example instruction 200, according to the present invention. The example 
instruction 200 is stored on a storage medium 298 as magnetic, electric, or optical signals, for 
example. (Of course, the example instruction 200 may be stored in other forms, depending 
on, for example, the type of storage medium utilized). The storage medium may be, for 
example, a memory device such as a random access memory device (RAM), a read-only 
memory device (ROM), cache memory, flash memory, a floppy or hard disk, a compact disk, 
magnetic tape, an optical disk, etc. Other types of storage media may also be used. The 
instruction may be read from the storage medium and processed by, for example, a processor 
299. 

The instruction 200 includes an opcode field (storing an opcode signal) 201, a control field 
(storing control information signals) 202 and an immediate operand field (storing an 
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immediate operand signal) 203. In this instruction, the opcode field 201 has a bit length of X, 
the control field 202 has a bit length of Z and the immediate operand field 203 has a bit length 
of l AY. The present invention is not limited by the exact number of bits X, ! / 2 Y, and Z 
assigned to the opcode field 201, the immediate operand field 203, and the control field 202, 
respectively, because the present invention can be implemented independent of any particular 
allocated bit length for these fields. The following describes a compressed immediate 
operand field that is one half the size of the original immediate operand field. Those skilled 
in the art will understand that the described compression techniques can be adapted for use in 
any size compressed immediate operand field, for example one-third or one-quarter the size 
of the original immediate operand field. Additionally, the instruction format illustrated in 
Figure 2 is a simplified example instruction and may contain other fields for other 
programming elements, for example, a prefix. 

An example instruction according to the present invention allocates both a minimum number 
of bits and a fixed number of bits to the immediate operand field 203. For example, a number 
of bits allocated to the immediate operand field 203 may be one half the size of the maximum 
immediate operand, i.e., V2Y. For example, if the size of the maximum immediate operand 
(Y) is 32 bits, (V2Y) 16 bits may be allocated to the immediate operand field 203 in the 
instruction format of Figure 2. By making the bits allocated to the immediate operand field 
203 one half the size of the maximum immediate operand, it is possible, through the use of 
compression techniques, to fit all the immediate operands into the space allocated to the 
immediate operand field 203, including those immediate operands larger than one half the 
size of the maximum immediate operand. Therefore, the instruction format illustrated in 
instruction 200 is an improved format than the instruction format illustrated in instruction 100 
because the size of the immediate operand remains fixed, but this size is reduced by half. 

There are several compression techniques that can be used to reduce an immediate operand 
that is larger than one half the size of the maximum immediate operand. These compression 
techniques include, for example, sign extending, back scavenging, forward scavenging and 
sharing, all of which will be described in greater detail below. Of course, other compression 
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techniques may be utilized. These compression techniques may be performed, for example, 
because when executing any instruction, the processor is capable of reading an immediate 
operand for the instruction to be executed from either the previous or next instruction. 
Second, an immediate operand can be compressed because the number of significant bits 
employed to represent the immediate operand is less than the number of bits allocated to the 
immediate operand. 

The signals (e.g., bits) stored in the control field 202 in example instruction format illustrated 
by instruction 200 controls the immediate operand by specifying whether immediate operand 
compression is to be used and which compression technique to use. Figure 3 shows an 
example table of permutations for an example control function containing 2 bits. For 
example, row 300, having control field bits 00 specifies that the immediate operand is 
compressed by sign extending. Row 310, having control field bits 01, specifies that the 
immediate operand is be compressed by back scavenging. Row 320, having control field bits 
10, specifies that the immediate operand is compressed by forward scavenging, and row 330, 
having control field bits 1 1, specifies that the immediate operand is compressed by sharing. 
Based on the specification of the control bit the appropriate immediate operand compression 
is performed. Of course, this example is limited to 2 control bits, when in reality there could 
be further reduction functions and combinations of reduction functions that can be performed. 
Those skilled in the art will understand that the control field is optional in the instruction 
format according to the present invention. For example, if the same compression technique is 
used for all instructions, the control field may not be employed. 

The following is a description of the various compression techniques that can be used to 
compress an immediate operand according to the present invention. In these descriptions of 
the compression techniques, reference is made to instructions, but it should be understood 
that this reference is equally applicable to a full line of programming code, an individual 
micro-op, or any other subpart of a programmmg instruction. Instructions are stored with 
their full immediate operand and compressed for processing by an instruction pipeline or 
processor. The compression techniques may be performed by the processor prior to execution 
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of the instruction. However, these compression techniques may also be performed at 
different stages of program processing (by software or hardware), for example, during the 
translation from higher level language to machine language by the compiler or assembler, or 
during an instruction decode phase in the instruction pipeline. 

Sign Extension: Sign extension is commonly used to extend a smaller integer value into a 
larger integer value by padding the extra bits. For example, a 16 bit signed integer (bits 0-15) 
can be extended to a 32 bit signed integer by padding the new bits, bits 16-31, using the sign 
bit value. In the case of a 16 bit negative integer, the sign bit, bit 15, would have a bit value 
of 1, thus to extend the 16 bit negative integer to a 32 bit negative integer, bits 16-31 would 
be padded with the sign bit value of 1 . Unsigned integers, on the other hand, are extended to 
the new size by filling all the newly arising bits with 0s. This technique is helpful in working 
with immediate operands, because as described above, in prior art instruction formats the 
immediate operand field is generally the size of the maximum immediate operand. Thus, in 
the average case where the number of bits employed to represent the value of the immediate 
operand is significantly less than the maximum number of bits, the immediate operand is 
extended to fill the allocated number of bits. 

Sign extension can also be used to compress the immediate operand into a less extensive 
format because the number of bits needed to represent the value of the immediate operand is 
less than the number of bits allocated to the immediate operand field. Specifically, if the 
number of bits employed to represent the immediate operand is less than or equal to half the 
size of the number of bits allocated to the immediate operand, the immediate operand can be 
compressed using sign extension, into the improved instruction format of Figure 2. An 
example of sign extension will be described with reference to Figures 4a and 4b. 

Figure 4a shows an example instruction 400, in the instruction format of Figure 1, having 6 
bits (bits 32-37) allocated to opcode field 401 and 32 bits (bits 0-3 1) allocated to the 
immediate operand field 402. The immediate operand bits represent the integer value (- 
19,749) in sign extended two's complement representation. As can be seen from Figure 4a, 
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the integer value (-19,749) can be represented by using only 16 bits, leaving immediate 
operand field 402 bits 16-31 as insignificant. However, because the number of bits allocated 
to the immediate operand field 402 is fixed, the processor is still employed to read all 32 bits 
in the immediate operand field 402. However, since the number of bits needed to represent 
5 the value of the immediate operand is less than or equal to half the number of bits allocated to 
the immediate operand field 402, it is possible, using sign extension, to represent the same 
instruction in the instruction format of Figure 2, where the number of bits allocated to the 
immediate operand field can be reduced by half. 

10 Figure 4b shows such an example instruction 410, in the instruction format of Figure 2, 

having 6 bits (bits 18-23) allocated to opcode field 411, 2 bits (bits 16-17) allocated to control 
field 412 and 16 bits (bits 0-15) allocated to the immediate operand field 413. The example 
instruction 410 of Figure 4b accomplishes the same function as the example instruction 400 
of Figure 4a, using 14 fewer bits because the immediate operand is compressed using sign 

15 extension. In Figure 4b, the immediate operand again represents the integer value (-19,749), 
which can be represented using 1 6 bits (bits 0-15). 

The sign extension compression for the immediate operand from Figure 4a to Figure 4b 
works in the following manner. The bits allocated to the opcode fields 401, 411 remain the 

20 same in both figures. In Figure 4b, the control field 412 is included in the instruction format, 
and the number of bits allocated to the immediate operand field 413 in Fig. 4b is half the 
number allocated to immediate operand field 402 in Figure 4a. In Figure 4b, the control field 
bit value of 00 specifies that the 32 bit immediate operand is going to be compressed using 
sign extension into a 16 bit immediate operand. As described above, the control field 412 is 

25 not a requireirient of the instruction format according to the present invention. The processor 
when executing the instruction 410 will recognize that the immediate operand contained in 
the immediate operand field 412 is only a 16 bit value. Thus when interpreting the immediate 
operand bit code, the processor will assign the same value (-19,749) as if it were decoding the 
32 bit immediate operands in Figure 4a. 

30 

ATTORNEY DOCKET: 2207/5820 9 



3 



B.«k M Back scavenging allows an innate operand ,o be compressed because 
ft. immediate operand or a portion of tire immediate operand for a current instruction can be 
stored in tire previous instruction. An example of back scavenging will be descnbed wuh 
reference to Figures 5a and 5b. 

Figur e 5a shows an example portion of a program containing two inactions 500-510 in the 
^desexibedwimreapeC^Figurel. For each instruction, in me examplt ^cnons 
500-510 of Figure 5a, mere are a fixed number of bits allocated ,0 me opcode fields 501, 511 
and a fixed number of bits allocated ro me immediate operand fields 502, 512. In mis 
example, 32 bi«s are allocated to me immediate operand fields 502, 512 based upon tire fact 
fta, 32 bhs is me maximum immediate operand any individual instruction la expected m hold. 
Each inaction of Figure 5a shows me number of significant bits employed «o represent me 
immediate operand of me inaction. Instruction 500 does no, contain any immedrate 
operand, tirus none of me 32 bits atiocated ,o immediate operand field 502 are used in tins 
JLction. However, as described above, me processor still reads these bits because m tins 
action forma, every insmrction has me same 32 hi* al.oca.ed «o me immerhate operand 
field 502, regardless of whether any particular insmrction employs me aUocated space. 
Inaction 5,0 conteins an immediate operand employing al. of me 32 hi* a„oca<ed ,o tire 
immediate operand field 512 . 

Figur e 5b shows me same portion of a program as Figure 5a, excep, ma, me inactions 520- 
530 are in me induction forma, of Figure 2, after me immediate operand from intfructmn 
5,0 has been compressed using back scavenging. Again, me forma, of me exam P ,e 
tactions 520-530 have a fixed number of bfts allocated ,o me opcode fie,ds 521 531 tir 
oon.ro, fields 522, 532 and me immediate operand fie,ds 523, 533. The fixed number of tins 
all „ca,ed,omehnmed i a tt operandfie 1 ds523,533rs,6b^halfofmenumberofb.« 

atiocated ,o me immediate operand fields 502, 512 in me insteuctions 500-510 of F,gure 5a 
The back scavenging compresses the 32 bi, immediate operand in me foHowmg manner. The 
processor recgni.es ma, me immediate operand for instruction 510 employs 32 b«s » 
, represen, Us va.ue, and also ma, mere is no immediate operand in insfruction 500. Therefore, 
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the processor can store the immediate operand or a portion of the immediate operand of 
instruction 510 in the empty space in instruction 500. In this particular case, since 32 bits are 
employed to represent the immediate operand of instruction 510, the processor accomplishes 
this compression by splitting the 32 bit immediate operand associated with instruction 510 in 
half. Fig. 5b shows the results of this compression, with 16 bits of the immediate operand 
stored in the immediate operand field 523 of the previous instruction 520 and 16 bits of the 
immediate operand stored in the immediate operand field 533 of the current instruction 530. 

The signals stored in control fields 522, 532 may be used to inform the processor that back 
scavenging is taking place. For example, the signals stored in the control field 522 of 
instruction 520 can inform the processor that the value stored in the immediate operand field 
523 is not a portion of the, current instruction 520 and should be ignored when executing the 
line. The signals stored in control field 532 of instruction 530 can inform the processor that 
the value stored in the immediate operand field 533 is not the complete immediate operand 
for that instruction. Thus, half of the immediate operand is stored in the previous instruction 
520. The processor, when executing instruction 530, will read the 16 bit immediate operands 
stored in the immediate operand fields 523* 533 of instructions 520-530 as a single 32 bit 
immediate operand for instruction 530. Thus, through the use of back scavenging the 32 bits 
allocated to the immediate operand in instructions 500-510 in Figure 5a can be reduced to 16 
bits in instructions 520-530 in Figure 5b, while the instructions accomplish the same or a 
similar function. 

Forward Scavenging: Forward scavenging allows an immediate operand to be compressed 
because the immediate operand or a portion of the immediate operand for a current 
instruction can be stored in the next instruction in a sequence of instructions. An example of 
forward scavenging will be described with reference to Figures 6a and 6b. 

Figure 6a shows an example portion of a program containing two instructions 600-610 in the 
format described with respect to Figure 1 . For each instruction, in the example instructions 
600-610 of Figure 6a, there are a fixed number of bits allocated to the opcode fields 601, 611 
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and a fixed number of bits allocated to the immediate operand fields 602, 612. In this 
example, 32 bits are allocated to the immediate operand fields 602, 612 based upon the fact 
that 32 bits is the maximum immediate operand any individual instruction is expected to hold. 
Each instruction of Figure 6a, shows the number of significant bits employed to represent the 
immediate operand of the instruction. Instruction 600 contains an immediate operand 
employing all of the allocated 32 bits, while instruction 610 does not contain any immediate 
operand. 

Figure 6b shows the same portion of a program as Figure 6a, except that the instructions 620- 
630 are in the instruction format of Figure 2, after the immediate operand from instruction 
500 has been compressed using forward scavenging. Again, the format of the example 
instructions 620-630 have a fixed number of bits allocated to the opcode fields 621, 631, the 
control fields 622, 632 and the immediate operand fields 623, 633. The fixed number of bits 
allocated to the immediate operand fields 623, 633 is 16 bits, half of the number of bits 
allocated to the immediate operand fields 502, 512 in the instructions 600-610 of Figure 6a. 
Forward scavenging compresses the 32 bit immediate operand in the following manner. The 
processor recognizes that the immediate operand for instruction 600 employs 32 bits to 
represent its value, and also that there is no immediate operand in instruction 610. Therefore, 
the processor can store the immediate operand or a portion of the immediate operand of 
instruction 600 in the vacant immediate operand field 612 of instruction 610. In this 
particular case, since 32 bits are employed to represent the immediate operand of instruction 
600, the processor accomplishes this compression by splitting the 32 bit immediate operand 
associated with instruction 600 in half. Fig. 6b shows the results of this compression, with 16 
bits of the immediate operand stored in the immediate operand field 623 of the current 
instruction 620 and 16 bits of the immediate operand stored in the immediate operand field 
633 of the next instruction 630. 

The signals stored in control fields 622, 632, although not necessarily employed as described 
above, may be used to inform the processor that forward scavenging is taking place. For 
example, the signals stored in control field 622 of instruction 620 can inform the processor 
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that the value stored in the immediate operand field 623 is not the complete immediate 
operand for that instruction, half of the immediate operand is stored in the immediate operand 
field 633 of the next instruction 630. The control portion of instruction 630 can inform the 
processor that the value stored in the immediate operand field 633 is not a portion of the 
current instruction and should be ignored when executing instruction 630. The processor, 
when executing instruction 620, will read the 16 bit immediate operands stored in the 
immediate operand fields 623, 633 of instruction 620-630 as a single 32 bit immediate 
operand for instruction 620. Thus, through the use of forward scavenging, the 32 bits 
allocated to the immediate operand fields 602,612 in instructions 600-610 in Figure 6a can be 
reduced to 16 bits in instructions 620-630 in Figure 6b, while the instructions accomplish the 
same or a similar function. 

Sharing: Sharing allows an immediate operand to be compressed because two instructions 
have the same immediate operand, or a portion of the immediate operand bit pattern for the 
two instructions are the same. An example of sharing will be described with reference to 
Figures 7a and 7b. 

Figure 7a shows an example portion of a program containing two instructions 700-710 that 
are in the instruction format of Figure 2 including the opcode fields 701, 711, the control 
fields, 702, 712, and the immediate operand fields 703, 713. In this example program 
portion, the immediate operands have previously been compressed using sign extension, 
resulting in an example 16 bit immediate operand for each of the instructions 700-710. There 
is no specific requirement that sign extension be performed on the immediate operand prior to 
compression by sharing. For sharing, the bit patterns stored in the allocated immediate 
operand fields for two consecutive instructions should be identical. As can be seen in Figure 
7a, instructions 700-710 include identical bit patterns in the allocated immediate operand 
fields, and therefore compression of the immediate operands by sharing may be performed 
easily. 

30 Figure 7b shows the same portion of the program as Figure 7a after the immediate operands 

13 
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of instructions 700-710 have been compressed by sharing, resulting in instructions 720-730. 
The immediate operand stored in immediate operand field 723 of instruction 720 of Figure 7b 
remains the same as the immediate operand stored in immediate operand field 703 of 
instruction 700 of Figure 7a. The immediate operand field 733 of instruction 730 becomes 
empty because it will share the immediate operand with instruction 720. The control fields 
722, 732 can be used to inform the processor that two instructions 720-730 share immediate 
operands. For example, the signals stored in control field 722 of instruction 720 can inform 
the processor that the immediate operand stored in the immediate operand field 723 is to be 
used while executing this instruction. The signals stored in control field 732 of instruction 
730 can inform the processor that the instruction employs an immediate operand even though 
there is no immediate operand stored in the immediate operand field 733 of the instruction 
730. The signals stored in control field 732 can further inform the processor that the 
immediate operand for instruction 730 is stored in the immediate operand field 723 of 
instruction 720. Thus, when executing instruction 730 the processor will use the immediate 
operand stored in the immediate operand field 723 of instruction 720. 

In this manner, two instructions can share an immediate operand stored in only one 
instruction. The advantage of this sharing is that the immediate operand field in the second 
instruction becomes empty, making it possible for that second instruction to be involved in 
another compression scheme for the next instruction. For example, if an instruction followed 
instruction 730, and this next instruction employed back scavenging to reduce its immediate 
operand, the immediate operand field 733 of instruction 730 would be available to handle the 
back scavenging for the next instruction. 

The above example of sharing shows that the common immediate operand for two 
instructions stored in the first of the two instructions, however, it should be understood that 
the common immediate operand can just as easily be stored in the second instruction, thus 
creating an empty immediate operand field in the first instruction. 

The above described methods of compressing the immediate operand, can also be combined 

14 
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to form other methods of compression. The above example of sharing explained with 
reference to Figures 7a and 7b, showed that sign extension and sharing can be combined to 
compress the immediate operand of two instructions. Additionally, other combinations can 
be used including, for example, sign extension/back scavenging, sign extension/forward 
5 scavenging, forward scavenging/sharing and back scavenging/sharing. An example of one 
such combination, sign extension/back scavenging, will be explained with reference to 
Figures 8a - 8c. 

Figure 8a shows an example portion of a program containing two instructions 800-810 in the 
10 format described with respect to Figure 1 . Each of instructions 800-810 includes an opcode 
field 801, 811 and an immediate operand field 802, 812. The immediate operand fields 802, 
812 are allocated a fixed number of 32 bits. Each instruction 800-810 of Figure 8a, shows the 
number of significant bits employed to represent the immediate operand of the instruction. 
Instruction 800 does not contain any immediate operand, thus none of the allocated 32 bits are 
15 employed for this instruction, while instruction 810 contains an immediate operand that can 
be represented by only 16 bits of the allocated 32 bits. 

Figure 8b shows the same portion of the program as Figure 8a after instructions 800-810 have 
been reformatted into the instruction format of Figure 2, and the immediate operand of 

20 instruction 810 has been compressed by sign extension, resulting in instructions 820-830. 

Instructions 820-830 include opcode fields 821, 831, control fields 822, 832 and immediate 
operand fields 823, 833. In instructions 820-830, there are a fixed 16 bits allocated to the 
immediate operand fields 823, 833. As explained above with reference to sign extension, it is 
possible to store the immediate operand of instruction 810 in the 16 bits of immediate 

25 operand field 833 of instruction 830, rather than the 32 bit immediate operand field 812 of 
instruction 810, since the immediate operand can be represented by 16 or less bits. 

Figure 8c shows the same portion of the program as Figures 8a and 8b after the instructions 
have been subject to a further compression of back scavenging, resulting in instructions 840- 
30 850. Instructions 840-850 include opcode fields 841, 851, control fields 842, 852 and 
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immediate operand fields 843, 853. This example of back scavenging is slightly different than 
the example previously described. In this case, since the immediate operand has been 
compressed to 16 bits by sign extension, there is no need to split the immediate operand in 
half, the entire 16 bit immediate operand for instruction 850 can be stored directly in the 
immediate operand field 843 of instruction 840. 

The signals stored in control fields 842, 852 can be used to inform the processor that sign 
extension/back scavenging is taking place. For example, the signals stored in control field 
842 of instruction 840 can inform the processor that the value stored in the immediate 
operand field 843 is not a portion of the current instruction and should be ignored when 
executing instruction 840. Whereas, the signals stored in control field 852 of instruction 850 
can inform the processor that even though there is no value stored in the immediate operand 
field 853, an immediate operand is employed for the execution of instruction 850. The 
processor when executing instruction 850 will read the 16 bit immediate operand stored in the 
immediate operand field 843 of instruction 840 as a 16 bit immediate operand for instruction 
850. Thus, through the use of sign extension/back scavenging the 32 bits allocated to the 
immediate operand fields 802, 812 in instructions 800-810 in Figure 8a can be reduced to 16 
bits in instruction 840-850 in Figure 8c, while also freeing the immediate operand field 853 in 
instruction 850 for any compression employed on the next instruction. 

The interaction of the above described compression schemes will be described in connection 
with the flow chart of Figure 9. As described above, the example embodiment of the present 
invention in the flow chart can be implemented at various stages of program processing by 
software or hardware. The current instruction is read (900) from a storage medium. It is then 
determined whether the immediate operand field of the current instruction contains an 
immediate operand (902). If no immediate operand is present, the process skips to the next 
instruction (928) and then begins the process again with the next instruction. If an immediate 
operand is present, the process proceeds to determine whether the immediate operand in the 
immediate operand field can be sign extended to fit into a smaller immediate operand field 
(904). If the sign extension is possible, the process performs the sign extension on the 
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immediate operand (906). 

The process then determines whether the immediate operand field of the previous instruction 
is available (908). The purpose of determining whether the immediate operand field of the 
previous instruction is available first is that it may be desirable that the immediate operand for 
the present instruction be stored in the previous instruction rather than the next instruction. 
This is because the immediate operand field of the previous instruction is empty, the only 
immediate operand that can be used to fill that field is the immediate operand in the current 
instruction. If the current instruction does not store the immediate operand in the empty 
immediate operand field of the previous instruction, that space will remain empty. In the case 
of an empty immediate operand field of the next instruction, that field may be filled with an 
immediate operand from both the current instruction or the instruction immediately 
subsequent to the next instruction. Therefore, an efficient use of the immediate operand 
fields may be to allow that field of the next instruction to remain empty for later use, unless 
the field in both the previous and current instruction are filled. A method of compression 
may be the technique that stores the immediate operand in the previous instruction, then the 
current instruction, and lastly in the next instruction. Thus, if the immediate operand field of 
the previous instruction is available, the process proceeds to for back scavenging of the 
immediate operand of the current instruction is performed (910). This back scavenging could 
be either true back scavenging, described above, where the immediate operand is split and a 
portion stored in the immediate operand field of the previous instruction and a portion stored 
in the immediate operand field of the current instruction or a combination of sign 
extension/back scavenging, also described above, where the entire immediate operand for the 
current instruction is stored in the immediate operand field of the previous instruction. 

If the immediate operand field of the previous instruction is not available, the process 
determines whether the bit pattern stored in the immediate operand field of the previous 
instruction matches the bit pattern or a portion of the bit pattern of the immediate operand of 
the current instruction (912). If these bit patterns match, the immediate operand stored in the 
immediate operand field of the previous instruction can be shared by the current instruction 



ATTORNEY DOCKET: 2 207/5B20 



17 



and the previous instruction (914). If these bit patterns do not match, the process determines 
whether the immediate operand field of the current instruction is available (916). The 
immediate operand field of the current instruction may become unavailable, for example, if it 
was used for the purpose of forward scavenging the immediate operand of the previous 
instruction. If the immediate operand field is available, the process determines whether sign 
extension had been previously performed on the immediate operand of the current instruction 
(918). If sign extension had occurred, the immediate operand could be stored in the 
immediate operand field of the current instruction, therefore processing of this instruction is 
complete and the process can skip to the next instruction to begin the process for the next 
instruction (928). If sign extension had not been performed on the immediate operand it 
would remain too large to fit into the smaller immediate operand field of the current 
instruction or if the immediate operand field of the current instruction is unavailable (916) the 
process proceeds (920). 

Next, it is determined whether the immediate operand field of the next instruction is 
available or can be made available through one of the compression techniques to be 
performed on the immediate operand of the next instruction (920). If the immediate operand 
field of the next instruction is available or can be made available, forward scavenging of the 
immediate operand of the current instruction is performed (922). This forward scavenging 
could be either true forward scavenging, described above, where the immediate operand is 
split and a portion stored in the immediate operand field of the current instruction and a 
portion stored in the immediate operand field of the next instruction or a combination of sign 
extension/forward scavenging, where the entire immediate operand for the current instruction 
is stored in the immediate operand field of the next instruction. 

If the immediate operand field of the next instruction is not available and cannot be made 
available, the process determines whether the bit pattern stored in the immediate operand 
field of the next instruction matches the bit pattern or a portion of the bit pattern of the 
immediate operand of the current instruction (924). If these bit patterns match, the immediate 
operand stored in the immediate operand field of the next instruction can be shared by the 
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current instruction and the next instruction (914). 

If these bit patterns do not match, a blank instruction or a no-op instruction may be inserted 
(926). This signifies that a new instruction is created which does not contain an opcode, but 
5 is an instruction created solely for the purpose of creating an extra immediate operand field in 
the rare case that the compression techniques are not sufficient to compress the immediate 
operands into corresponding instructions. After the no-op instruction is created, forward 
scavenging of the immediate operand of the current instruction is performed (922). This 
forward scavenging, as described above, could be either split the immediate operand and store 

10 a portion in the immediate operand field of the current instruction and store a portion in the 

immediate operand field of the no-op instruction or store the entire immediate operand for the 
current instruction in the immediate operand field of the no-op instruction. Creating a no-op 
instruction is rare because, as stated above, it is more common for an instruction to not 
contain an immediate operand than to contain an immediate operand. Therefore in the normal 

15 case, there are a sufficient number of empty immediate operand fields to accommodate the 

compression of those instructions that contain immediate operands. As can be seen from Fig. 
9, when the compression is completed (910, 914 and 922), the process advances and skips to 
the next instruction and begins the process agin with the next instruction (928). 

20 Figure 10 shows an example portion of a program containing eleven instructions 1000-1050 
in the format described with respect to Figure 1, including opcode fields 1001-1051 and 
immediate operand fields 1002-1052. These instructions are reformatted using the various 
compression techniques described above using the process described with respect to the flow 
chart in Fig. 9, into instructions 1100-1155 which are in the format of Figure 2, including 

25 opcode fields 1101-1156, control fields 1102-1157, and immediate operand fields 1103-1158. 
Each of instructions 1000-1050 have a fixed number of bits allocated to the opcode fields 
1001-1051 and a fixed number of bits allocated to the immediate operand fields 1002-1052. 
In this example, the immediate operand 1002-1052 are shown as a fixed 32 bits based upon 
the fact that 32 bits is the maximum immediate operand any individual instruction is expected 

30 to store. Each of instructions 1000-1050 shows the number of significant bits needed to 



ATTORNEY DOCKET: 2207/5820 



o o 



represent the immediate operand stored in the immediate operand field for that instruction. 
Instructions 1005, 1010, 1030, and 1035 employ 32 bits to represent their immediate operand, 
instructions 1015, 1025, 1040, 1045 and 1050 employ 16 bits to represent their immediate 
operand, and instructions 1000 and 1020 do not have any immediate operands. Again, the bit 
lengths in Figure 10 were chosen to illustrate the present invention, however the present 
invention can be implemented independent of the number of bits allocated to the immediate 
operand field or the number of significant bits employed to represent any individual 
immediate operand. 

Instructions 1100-1155 are in the example instruction format according to the present 
invention. Each of instructions 1100-1155 have a fixed number of bits allocated to the 
opcode fields 1101-1156, a fixed number of bits allocated to the control fields 1102-1157 and 
a fixed number of bits allocated to the immediate operand fields 1103-1158. In this example, 
the fixed number of bits allocated to the immediate operand fields 1103-1158 is 16 bits, half 
the number allocated to the immediate operand fields 1002-1052 for instructions 1000-1050. 
The column between the two sets of instructions shows the compression techniques used to 
compress the immediate operand of instructions 1000-1050 into the immediate operand fields 
1103-1158 of instructions 1100-1155. 

Instruction 1000 had no immediate operand and employs no compression for reformatting 
into instruction 1100. Thus, the process can advance to the next instruction (902 of Fig. 9). 
Instruction 1005 has an immediate operand employing 32 bits, therefore compression of the 
immediate operand is employed for formatting into instruction 1105. In this case, the 
immediate operand cannot be sign extended (904 and 906 of Fig. 9), but the immediate 
operand field 1103 of instruction 1100 is available for back scavenging (908 and 910 of Fig. 
9). Thus, 16 bits of the immediate operand of instruction 1105 is stored in the immediate 
operand field 1103 of the previous instruction 1100 and 16 bits are stored in the immediate 
operand field 1108 of the current instruction 1105. 

Instruction 1010 has an immediate operand employing 32 bits, therefore compression of the 
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immediate operand is employed for formatting into instruction 1110, In this case, the 
immediate operand cannot be sign extended (904 and 906 of Fig. 9), the immediate operand 
field 1108 of instruction 1105 is not available for back scavenging (908 and 910 of Fig. 9), 
and the bit pattern of the immediate operand does not match that of instruction 1105 (912 of 
Fig. 9). However, the immediate operand field 1113 of the current instruction 1110 is 
available (916 of Fig. 9) and the immediate operand field 1118 of the next instruction 1115 is 
also available (920 of Fig. 9). Therefore, forward scavenging (922 of Fig. 9) can be used to 
compress the immediate operand of instruction 1110. Thus, 16 bits of the immediate operand 
of instruction 1110 is stored in the immediate operand field 1113 of the current instruction 
1110 and 16 bits are stored in the immediate operand field 1118 of the next instruction 1115. 

As can be seen from Fig. 10, the remainder of the instructions are reformatted into the format 
of Figure 2 in the same manner, following the process described with respect to Fig. 9. 

Instruction 1015 is reformatted into instruction 1115 using sign extension/sharing. 

/ 

Instruction 1020 does not employ any compression to be reformatted into instruction 1120. 
Instruction 1025 is reformatted into instruction 1125 using sign extension/back scavenging. 
Instruction 1030 is reformatted into instruction 1130 using back scavenging. Instruction 1035 
is reformatted into instruction 1135 using forward scavenging. Instruction 1040 is 
reformatted into instruction 1140 using sign extension/forward scavenging. 

Instruction 1045 has an immediate operand employing 16 bits, therefore compression of the 
immediate operand is employed for formatting into instruction 1145. In this case, the 
immediate operand can be sign extended (904 and 906 of Fig. 9), but none of the immediate 
operand fields 1143, 1148, 1158 of previous instruction 1140, the current instruction 1145 or 
the next instruction 1155, respectively, are available to store the immediate operand. In this 
case, a no-op instruction 1150 is inserted (924 of Fig. 9). Thus, by forward scavenging the 
immediate operand of instruction 1145 can be stored in the immediate operand field 1153 of 
no-op instruction 1150. Finally, instruction 1050 is reformatted into instruction 1155 using 
sign extension. 
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Other Embodiments: While the present invention has been particularly shown and described 
with reference to an example embodiment, in particular the above examples of showing the 
various compression techniques for the immediate operand using immediate operand bit 
lengths of 32 and 1 6 bits, but it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope 
of the invention. 
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